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I INTRODUCTION 
I n t e r e s t  i n  t h e  r e f r a c t o r y  ca rb ides  has  increa.sed r e c e n t l y  i n  
a n t i c i p a t i o n  of many new a p p l i c a t i o n s  r e q u i r i n g  t h e  use  of supe r re f r ac -  
t o r i e s .  However, dur ing  t h e  research  and development work on t h e s e  
mater ia ls ,  d i f f i c u l t i e s  have been encountered i n  a t t a i n i n g  and reproduc- 
ing  des i r ed  phys ica l  p r o p e r t i e s .  L i t t l e  i s  known about u l t i m a t e  
i n t r i n s i c  phys i ca l  p r o p e r t i e s  or about t h e  in f luences  of s t o i c h i o m e t r i c  
changes,  i m p u r i t i e s ,  and g r a i n  boundaries on t h e s e  p r o p e r t i e s .  I n  
ob ta in ing  t h i s  type  of information,  s i n g l e  c r y s t a l s  of va r ious  ca rb ide  
compositions would be of g r e a t  value.  A t  p r e s e n t ,  t h e  only c r y s t a l s  
r e a d i l y  a v a i l a b l e  are of t i t an ium c a r b i d e ,  grown by t h e  Verneui l  p r o c e s s ,  
and l i t t l e  i s  known of t h e i r  s t r u c t u r e  and p e r f e c t i o n .  
Stanford Research I n s t i t u t e  h a s  been engaged by t h e  Nat iona l  Aero- 
n a u t i c s  and Space Adminis t ra t ion  t o  i n v e s t i g a t e  t h e  a p p l i c a t i o n  of new 
techniques  and procedures  t o  t h e  growth of s i n g l e  c r y s t a l s  of tan ta lum 
c a r b i d e ,  hafnium ca rb ide ,  and s o l i d  s o l u t i o n s  of t h e s e  c a r b i d e s .  The 
new techniques  being inves t iga t ed  f a l l  i n t o  two c l a s s e s :  (1) a-c arc  
mel t ing  and induct ion  plasma melt ing f o r  Verneui l  c r y s t a l  growth; and 
( 2 )  r e c e n t l y  developed methods of l i q u i d  metal s o l u t i o n  growth of 
c r y s t a l s .  Arc-Verneuil techniques are p r e s e n t l y  being s t u d i e d .  
P a r t i c i p a t i n g  i n  t h e  i n v e s t i g a t i o n  dur ing  t h i s  per iod  were 
J .  W .  Fowler ( c r y s t a l  growing expe r imen t s )  and J .  B. Saunders (X-ray 
a n a l y s e s ) .  
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I1 SUMMARY AND CONCLUSIONS 
During t h i s  r e p o r t i n g  per iod  t h e  arc-Verneui l  c r y s t a l  growing 
furnace  was operated us ing  tantalum ca rb ide ,  hafnium c a r b i d e ,  and mix- 
t u r e s  of t h e s e  ca rb ide  powders. None of t h e  boules  grown were s i n g l e  
c r y s t a l s  throughout .  
Dense s to i ch iomet r i c  boules  of hafnium ca rb ide  were grown i n  one 
a.tmosphere of argon. Some of t hese  boules  contained only  a few g r a i n  
boundar ies ,  and s i n g l e  c r y s t a l  s ec t ions  were cu t  from one of t h e s e  
bG,r;les. The tantalum carb ide  boules were carbon-def ic ien t  bu t  sub- 
s t a n t i a l l y  f r e e  of Ta C.  Boules grown wi th  phys ica l  mix tures  of 
hafnium ca rb ide  and tantalum carb ide  p a r t i c l e s  were nonhomogeneous. 
2 
Carbon enrichment experiments employing s o l i d  s t a t e  d i f f u s i o n  of 
carbon i n t o  tantalum ca rb ide  boule wafers  were conducted. The o r i e n t a -  
t i o n  of g r a i n s  i n  tanta,lum carb ide  boules  w a s  a l s o  s tud ied  us ing  t h e  
Laue X-ray d i f f r a c t i o n  method. The primary d i f f i c u l t y  prevent ing  growth 
of acceptab le  s i n g l e  c r y s t a l s  of both r e f r a c t o r y  ca rb ides  i s  t h e  
e l i m i n a t i o n  of g r a i n  boundaries  during growth. 
Y 
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I11 CRYSTAL GROWTH STUDIES 
A .  ~ Arc- Verneui 1 Apparatus 
Operat ing d i f f i c u l t i e s  have been encountered wi th  t h e  c r y s t a l  
growing furnace  because of a r c  extinguishment i n  atmospheres con ta in ing  
hydrogen. In  p r i n c i p l e ,  a high frequency a r c - s t a b i l i z i n g  c i r c u i t  can 
be superimposed on t h e  low frequency power supply c i r c u i t  of t h e  
c r y s t a l  growing furnace  t o  ensure t h a t  t h e  a r c  w i l l  not  ex t ingu i sh  under 
marginal  ope ra t ing  cond i t ions .  A comparat ively l a r g e  high frequency 
and high vo l t age  genera tor  i s  r eau i r ed  t o  overcome t h e  p a r a s i t i c  
capac i t ance  of t h e  e l e c t r o d e  holder  (160 p i c o f a r a d s ) .  
t r a n s m i t t e r  capable  of ope ra t ing  a t  350 watts was adapted f o r  use  a t  a. 
f requency of 2 Mc t o  s t a b i l i z e  one of t h e  t h r e e  h o r i z o n t a l  e l e c t r o d e s  
of t h e  c r y s t a l  growing fu rnace .  With t h i s  power supply ,  t h e  h igh  
frequency vo l t age  drop a c r o s s  the  arc was approximately 200 v o l t s .  This  
was an improvement over  t h e  immeasurable vo l t age  obta ined  wi th  t h e  
10-watt  o s c i l l a t o r  power supply previous ly  used a s  an a r c - s t a b i l i z i n g  
c i r c u i t .  However, a 200-volt p o t e n t i a l  ac ross  t h e  e l e c t r o d e  gap i s  not  
a s i g n i f i c a n t  improvement over  t he  30-volt  p o t e n t i a l  ixposed by t h e  low 
frequency main a r c  power supply and i s  only  of marginal  va lue  i n  s t a b i -  
l i z i n g  t h e  arc plasma. A f t e r  i n s t a l l a t i o n ,  t h e  BC-610 gene ra to r  w a s  
used f o r  t h e  growth of s e v e r a l  tantalum ca rb ide  boules .  Eventua l ly  i t s  
u s e  w a s  d i scont inued  because of i t s  marginal  e f f e c t  on c r y s t a l  growth. 
A BC-610 E r a d i o  
An improved system f o r  viewing t h e  boule dur ing  growth w a s  i n s t a l l e d  
t o  a i d  t h e  ope ra to r  i n  more p r e c i s e l y  c o n t r o l l i n g  t h e  l o c a t i o n  of t h e  
boule  wi th  r e spec t  t o  t h e  h o r i z o n t a l  p l ane  of t h e  e l e c t r o d e s .  A convex 
o b j e c t i v e  l e n s  i s  used t o  p r o j e c t  an en larged  image of t h e  boule  on a 
screen on which an or thogonal  coord ina te  g r i d  i s  superimposed. The 
t o p  of t h e  boule  can now be held wi th in  0 .2  mm of a predetermined 
p o s i t i o n .  
3 
B. Tantalum C a r b i d e  Experiments 
During the  e a r l y  p a r t  of t h e  q u a r t e r ,  s e v e r a l  tantalum ca rb ide  
boules  were grown having va r ious  l eng ths  up t o  1-314 i nches ,  but  none of 
them w a s  a s i n g l e  c r y s t a l .  
a t  a t o t a l  p re s su re  of 0 .5  a t m  were used.  Very l i t t l e  second phase Ta C 
appeared i n  these bou les ,  but  occas iona l ly  some Ta C formed nea r  t h e  
surface-decarburized zone and occas iona l ly  a small amount of  Ta  C could 
be seen decora t ing  g r a i n  boundaries.  Gra in  boundaries  tended t o  be 
columnar i n  t he  d i r e c t i o n  of c r y s t a l  growth. 
Gas mixtures  of 5 t o  10% hydrogen i n  argon 
2 
2 
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Boules were a l s o  grown using a p a r t i c l e  feed  mixture  of tan ta lum 
c . r b i d e  and  g r a p h i t e  powders i n  an a,ttempt t o  improve the  carbon r a t i o  
of t h e  r e s u l t i n g  c r y s t a l s .  Crushed g r a p h i t e ,  -270 +325 mesh, was 
mixed w i t h  tantalum ca rb ide  powder. N o  improvement i n  t h e  carbon con- 
t e n t  of the boules  r e s u l t e d  from t h e s e  tests.  Because of t h e  low 
d e n s i t y  and slow s e t t l i n g  r a t e  of t he  g r a p h i t e  p a r t i c l e s ,  very  few of 
them may have come i n  con tac t  with t h e  boule .  Flow meters were changed 
t o  permi t  more r a p i d  flow of gas through t h e  i n j e c t i o n  tube  c a r r y i n g  
f e e d  p a r t i c l e s  t o  t h e  boule  but  t h i s  d id  not  a f f e c t  t he  carbon c o n t e n t .  
S ince  no improvement i n  t h e  carbon s to ich iometry  was obta ined  i n  these 
experiments ,  f u r t h e r  c r y s t a l  grvwth s t u d i e s  employing mixtures  of 
g r a p h i t e  and tantalum ca rb ide  have been d e f e r r e d .  
Severa l  c r y s t a l  growth experiments were run  i n  which t h e  t o p  of 
the  boule cap was he ld  a t  d i f f e r e n t  l o c a t i o n s  i n  r e l a t i o n s h i p  t o  t h e  
p l ane  of t he  e l e c t r o d e s .  If t h e  cap rises above t h e  e l e c t r o d e  p l ane ,  
a necking or pinching e f f e c t  occurs  on the  hemispherical  cap which 
t ends  t o  draw up a t h i n  quasi-extruded r eg ion  i n  t h e  c e n t e r  of t he  cap. 
W e  are u n c e r t a i n  as t o  t h e  cause of t h i s  e f f e c t  but  b e l i e v e  it  i s  a 
r e s u l t  of t h e  hot  gas  streaming upward from the  electrodes over  t h e  
s u r f a c e  of t h e  boule .  This  j e t  i s  the  r e s u l t  of a p re s su re  genera ted  
by the a r c  d ischarge  hea t ing  the  gas  environment,  and it t ends  t o  draw 
t h e  l i q u i d  cap along wi th  the j e t .  I f  the  neck of t h e  boule  becomes t o o  
long it w i l l  t o p p l e  ove r ,  o f t en  touching one of the e l e c t r o d e s .  I f  t h e  
boule  i s  lowered, t h e  neck melts back i n t o  a hemispherical  cap. The 
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most stable mel t ing  cond i t ions  occur when t h e  ca.p i s  s l i g h t l y  beiow t h e  
plane  of t h e  e l e c t r o d e s .  
One of t he  boules  c r o s s  sec t ioned  normal t o  t h e  d i r e c t i o n  of growth 
was examined by Laue back r e f l e c t i o n  X-ray techniques .  This  boule had 
a l a r g e  c e n t r a l  s i n g l e  c r y s t a l  core  surrounded by s e v e r a l  smaller g r a i n s .  
By us ing  a goniometer,  t h e  c e n t r a l  c r y s t a l  was found t o  be o r i e n t e d  
w i t h  i t s  (100) p lane  c l o s e  t o  perpendicular  w i t h  t h e  growth d i r e c t i o n .  
The  boule was o r i e n t e d  s l i g h t l y  off  of t h e  growth a x i s  t o  b r ing  t h e  
(1007 plane  of t h e  c e n t r a l  c r y s t a l  perpendicular  w i t h  t h e  inc iden t  
X-ray beam. The r e s u l t i n g  d i f f r a c t i o n  p a t t e r n  i s  shown i n  F ig .  l a .  
Using t h i s  f i x e d  o r i e n t a t i o n  of t h e  boule ,  w i t h  r e s p e c t  t o  t he  i n c i d e n t  
X-ray beam, the  boule was t r a n s l a t e d  i n  a d i r e c t i o n  normal t o  t he  
inc iden t  beam so t h a t  a series of back r e f l e c t i o n  Laue photographs could 
be taken  a t  va r ious  s t a t i o n s  ac ross  t h e  boule .  The d i f f r a c t i o n  p a t t e r n  
of t h e  g r a i n  ad jacent  t o  t h e  c e n t r a l  co re  on t h e  r i g h t  s i d e  i s  shown 
i n  F ig .  l b .  T h i s  d i f f r a c t i o n  p a t t e r n  was indexed w i t h  an ( 8 3 3 )  o r i e n t a -  
t i o n ,  which i s  very c l o s e  t o  a (311)  o r i e n t a t i o n .  The angle  between 
t h e  (100)  and ( 8 3 3 )  p lanes  is  27.7', which i s  f a r  t o o  l a r g e  t o  p e r m i t  
c l a s s i f y i n g  t h e  boundary a s  a subgrain boundary. However, i n  t h i s  c a s e  
the ( 8 3 3 )  g r a i n  has I s p e c i a l  r e l a t i o n s h i p  t o  t h e  (100)  g r a i n .  The 
( 8 3 3 )  o r i e n t a t i o n  can be obtained by a 27.7' r o t a t i o n  of the (100)  g r a i n  
about t h e  [ O i l ]  a x i s  which i s  perpendicular  t o  t h e  growth d i r e c t i o n .  
Note t h e  i d e n t i c a l  symmetry of both photographs i n  F ig .  1 wi th  t h e  [ O i l ]  
a x i s  s l i g h t l y  t i l t e d  from a ho r i zon ta l  a l ignment .  S imi l a r  preferred 
o r i e n t a t i o n  e f f e c t s  based on r o t a t i o n  about [ O i l ]  were observed w i t h  
t h e  o t h e r  c r y s t a l s  ad jacen t  t o  t he  c e n t r a l  co re .  
Some experimental  s t u d i e s  were undertaken t o  inc rease  t h e  carbon 
content  of carbon d e f i c i e n t  tantalum ca rb ide  boules  by a post-growth 
t r ea tmen t .  Boules grown e a r l i e r  i n  t h i s  i n v e s t i g a t i o n  t h a t  had been 
c r o s s  sec t ioned  l o n g i t u d i n a l l y  and showed evidence of Ta C p r e c i p i t a t i o n  
throughout t h e  boule  were c ross  sec t ioned  i n  t he  t r a n s v e r s e  d i r e c t i o n  
t o  provide wafers  approximately 1/16 inch  t h i c k .  
surrounded w i t h  g r a p h i t e  powder and subjec ted  t o  d i f f u s i o n  annea ls  a t  
2OOO'C i n  argon or vacuum. 
2 
The wafers  were 
Although the ra te  of d i f f u s i o n  of carbon 
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I . i n  TaC a t  t h i s  temperature  w a s  expected t o  be v e r y  slcv;, t he  amount of 
carbon needed t o  compensate f o r  t h e  Ta C wa.s very  small. The r e s u l t s  
of a 24-hour test  a t  20OO0C are shown i n  F ig .  2 .  Evidence t h a t  Ta C 
has  been removed from most of t h e  p o l y c r y s t a l l i n e  TaC wafer  i s  shown 
by t h e  micrographs obta ined  a f t e r  c r o s s  s e c t i o n i n g  t h e  d i f f u s e d  wafers .  
The subcarb ide ,  Ta C ,  was r e s t r i c t e d  t o  a few c r y s t a l s  i n  t h e  c e n t r a l  
co re  r eg ion ,  which appears  as t h e  l i g h t  co lored  reg ion  i n  t h e  dark 
f i e l d  micrograph (F ig .  2 - 1 5 X ) .  A l i g h t  f i e l d  enlargement of t h i s  r eg ion  
i s  shown i n  t h e  bottom of F ig .  2 .  
2 
2 
2 
P r e c i p i t a t i o n  of t h e  Ta C phase can u s u a l l y  be c o n t r o l l e d  du r ing  2 
c r y s t a l  growth wi th  t h e  hydrogenlargon ambient atmosphere. 
experiments  i n d i c a t e  t h a t  it s i n g i e  cryslal k i i l c z  c m  be grnwn i n  
atmospheres t h a t  con ta in  l i t t l e ,  i f  any,  hydrogen it  may be p o s s i b l e  t o  
back-d i f fuse  carbon t o  remove a l l  t h e  Ta C by r e a c t i o n  t o  form a d d i t i o n a l  
TaC. However, t h i s  s t e p  would probably gene ra t e  many imperfec t ions  i n  
t h e  c r y s t a l  and might even cause r e c r y s t a l l i z a t i o n  t o  occur .  The 
primary problem wi th  tantalum carb ide  c r y s t a l  growth remains one of 
g e t t i n g  g r a i n  boundaries  t o  grow l a t e r a l l y  t o  t h e  growth d i r e c t i o n  so 
a p r e f e r r e d - o r i e n t a t i o n  c r y s t a l  can predominate and lead  t o  t h e  el imina-  
t i o n  of g r a i n  boundaries wi th  f u r t h e r  growth of t h e  boule.  
The d i f f u s i o n  
2 
C. Hafnium Carbide Experiments 
Hafnium ca rb ide  powders and mixed hafnium carbide/ tantalum ca rb ide  
powders s u i t a b l e  f o r  use i n  c r y s t a l  growing experiments were not  
d e l i v e r e d  on J u l y  1 as expected.  Wah Chang Corporat ion was unable  t o  
produce ca rb ide  p a r t i c l e s  l a rge  enough t o  meet t h e  des i r ed  s ize  spec i f i ca -  
t i o n s ,  -200 +325 mesh, wi th  t h e i r  convent ional  s y n t h e s i s  techniques .  
An a l t e r n a t e  technique  employing hydrogen annea l ing  t o  form hydr ides  of 
hafnium and hafnium/tantalum s o l i d  s o l u t i o n s  was employed. The hydr ide  
powders were s ieved  t o  select  a s ize  f r a c t i o n  which was subsequent ly  
carbur ized  a t  h igh  temperatures  t o  produce ca rb ide  powders i n  t h e  
des i r ed  s i z e  range .  The hafnium ca rb ide  powders w e r e  rece ived  i n  l a t e  
August and t h e  mixed so l id - so lu t ion  ca rb ide  powders had not  been rece ived  
a t  t h e  end of t h e  r e p o r t  per iod .  An a n a l y s i s  of t h e  hafnium ca rb ide  
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AREA 
CONTAIN I 
T a 2 C  
150 X 
FIG. 2 CARBON DIFFUSION INTO CARBON DEFICIENT TANTALUM 
CAR BID E BOULE ORIGINALLY CON TAlNlNG Ta,C PRECl P I TATES, 
24HOURS AT 2O0O0C 
a 
p ~ d e r  is g i v e n  i n  Table I .  The oxygen and i r o n  c o n t e n t s  are unusual ly  
high and t h e  zirconium content  i s  h ighe r  t h a n  i s  u s u a l l y  ob ta ined  f o r  
r e a c t o r  gra,de hafnium ca rb ide .  
47 a t .  76, which i s  q u i t e  good i f  a l l  t h e  carbon is  p r e s e n t  as a mono- 
ca rb ide  phase r a t h e r  than a s  f r e e  carbon. 
The carbon con ten t  i s  5.97 w t  $, or 
Table I 
EMISSION SPECTOGRAPHIC ANALYSIS OF 
HAFNIUM CARBIDE POWDER 
Wah Chang Lot SP 8662 A 
Material 
A 1  
B 
Cb 
Cd 
C r  
cu 
Fe 
Mg 
Mn 
Mo 
N i  
0 
Pb 
S i  
Sn 
Ta 
T i  
V 
W 
C 
Z r  
PPm 
<25 
< 100 
<1 
175 
< 40 
520 
<10 
< 10 
10 
10 
2720 
<5 
< 40 
<10 
<200 
175 
<5 
< 20 
- 
2 
5.9776 
3.1% 
Before t h e  -200 +325 mesh Wah Chang hafnium c a r b i d e  was r e c e i v e d ,  
experiments u s ing  hafnium ca rb ide  of f i n e r  mesh s i z e s  were conducted 
i n  t h e  c r y s t a l  growing fu rnace .  The i n i t i a l  experiments were conducted 
w i t h  -325 mesh hafnium c a r b i d e  which proved t o  be t o o  f i n e .  Most of 
' t h e  p a r t i c l e s  were s c a t t e r e d  by t h e  convect ive c u r r e n t s  i n  t h e  v i c i n i t y  
of t h e  a r c .  Later ,  hot-pressed hafnium ca rb ide  was crushed and s ieved 
t o  y i e l d  a -270 +325 mesh f r a c t i o n  which worked q u i t e  w e l l  i n  t h e  
c r y s t a l  growing fu rnace .  
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Severa l  experiments were conducted w i t h  t h i s  m a t e r i a l  t o  determine 
t h e  optimum gas  composition and t o t a l  p r e s s u r e  f o r  growing c r y s t a l s .  
The r e s u l t s  have shown t h a t  gas  composition i s  not  a c r i t i c a l  f a c t o r  i n  
c o n t r o l l i n g  the  s to ich iometry  of hafnium ca rb ide .  Both c o n s t i t u e n t s  
of hafnium ca rb ide  vapor ize  r e a d i l y  (see Quar t e r ly  S t a t u s  Report 111), 
but  a t  approximately t h e  same r a t e ,  l eav ing  a r e s i d u e  w i t h  t h e  d e s i r e d  
metal-carbon r a t i o .  Liquid hafnium ca rb ide  r e a d i l y  b o i l s  i n  vacuum, 
and the  f i r s t  boules  produced i n  mixtures  of hydrogen and argon having 
t o t a l  gas  p r e s s u r e s  below 1 atm were very porous.  The l i q u i d  cap became 
more qu ie scen t  as the  t o t a l  p re s su re  w a s  i nc reased ,  and t h u s  f a r  t h e  
best r e s u l t s  have been obtained a t  1 a t m  of argon. X-ray l a t t i c e  
parameter measurements I n d i c a t e  i L d t  t k c  ka5z%xc rarhi  de boules grown 
under these cond i t ions  have t h e  maximum a l lowable  carbon content  of t h e  
monocarbide phase.  Furthermore,  meta l lographic  examination d i d  no t  
r e v e a l  any f r e e  carbon i n  t he  boules  examined. I n  F i g .  3 one of t h e  
e a r l y  hafnium porous ca rb ide  boules  is  compared w i t h  a boule grown i n  
1 atm of argon which i s  f r e e  of voids .  N o  d i f f i c u l t i e s  are p r e s e n t l y  
being encountered i n  growing void-free hafnium ca rb ide  boules .  
Improvements i n  t h e  e x t e r n a l  shape of hafnium ca rb ide  boules  were 
made dur ing  t h i s  per iod us ing  both the  o l d e r  l o t  of  crushed and s i eved  
hafnium carbide and a new lo t  of hafnium ca rb ide  powder, t he  composition 
of which i s  summarized i n  Table I .  A hafnium carbide boule  i s  shown 
i n  F ig .  4 .  The only  major problem as soc ia t ed  w i t h  growing hafnium 
ca rb ide  s i n g l e  c r y s t a l s  i s  t h e  presence of g r a i n  boundaries  w i t h i n  the 
bou les .  The boules  are usua l ly  composed of a few l a r g e  l o n g i t u d i n a l  
g r a i n s  a l igned  i n  t h e  growth d i r e c t i o n .  I n  t h i s  r e spec t  t h e  growth of 
hafnium ca rb ide  boules  i s  very s imilar  t o  t he  growth of tantalum ca rb ide  
bou les .  A l l  t h e  boules  grown t h u s  f a r  have been sec t ioned  and examined 
f o r  g r a i n  boundary con ten t .  Grain boundaries  can be seen i n  t he  as-cut 
cond i t ion  without  po l i sh ing .  Two small hafnium ca rb ide  s e c t i o n s  have 
been c u t  ou t  of a l a r g e  g r a i n  of one boule .  From po l i sh ing  and inspec- 
t i o n  of the  two major s i d e s ,  t hese  p i e c e s  appear t o  be s i n g l e  c r y s t a l s  
of hafnium ca rb ide .  
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FIG. 4 ARC-VERNEUIL HAFNIUM CARBIDE BOULE 
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'I'wo c r y s t a l  growth experiments were conducted i n  which a mixture  of 
50 w t  
a growing boule ,  The purpose of these experiments  was t o  determine what 
e f f e c t  c h l o r i n e  had on t h e  vapor t r a n s f e r  of hafnium away from t h e  boule  
and t o  determine i f  seeding the  arc plasma w i t h  a source of sodium vapor ,  
which i s  e a s i l y  ion ized ,  had any e f f e c t  on the s t a b i l i t y  of t h e  arc .  
Sodium c h l o r i d e  d i d  not  a f f e c t  t h e  s to ich iometry  of t h e  hafnium carbide 
boules  r e s u l t i n g  from t h e s e  experiments .  Because of t h e  small  volume 
of t h e  arc reg ion  and t h e  d i s c r e t e  i n j e c t i o n  of N a C l  p a r t i c l e s ,  it 
w a s  no t  possible t o  maintain a continuous presence  of sodium vapor i n  
t h e  a r c .  Conscqucntly the use Gf sodium chloridt: ildd IIU l a s t i n g  eIIecL 
on s t a b i l i z i n g  t h e  a r c .  
hafnium ca rb ide  and 50 w t  % sodium c h l o r i d e  powders were f e d  on to  
D. Mixed H f C  and TaC Experiments 
A few attempts t o  grow mixed s o l i d - s o l u t i o n  H f C  and TaC boules  
w e r e  made by hea t ing  a mixture  of tantalum ca rb ide  p a r t i c l e s  p h y s i c a l l y  
mixed w i t h  hafnium ca rb ide  p a r t i c l e s .  Mul t ip l e  d i f f r a c t i o n  peaks and 
spreading of t h e  d i f f r a c t i o n  peaks f o r  each d i f f r a c t i n g  (hk l )  p l ane  
were observed when t h e s e  boules  were examined i n  t h e  Norelco d i f f r a c t -  
ometer.  These r e s u l t s  i n d i c a t e  t h a t  t he  boules  were nonhomogeneous and 
tha t  homogeneous s o l i d - s o l u t i o n  ca rb ide  c r y s t a l s  can only  be grown by 
s t a r t i n g  wi th  feed  p a r t i c l e s  t h a t  are a l s o  homogeneous. The atmosphere 
i n  which t h e  boules  were grown had a marked e f f e c t  on t h e i r  composition 
and homogeneity. 
A powder feed mixture  of 54% tantalum ca rb ide  and 46% hafnium 
c a r b i d e  w a s  used for t h e  fol lowing experiments .  The boule  grown i n  
100% argon a t  0.5 atm was examined by X-ray f luo rescence  and found t o  
con ta in  80% tantalum ca rb ide  and 20% hafnium ca rb ide .  X-ray d i f f r a c t i o n  
y i e lded  f o u r  widely separated peaks f o r  each ( h k l ) .  When the  experiment 
w a s  run i n  a hydrogen and argon mixture  (95% argon and 5% hydrogen) a t  
0 .5  a t m ,  the tantalum hafnium r a t i o  wa.s much c l o s e r  t o  t h e  o r i g i n a l  
composition. 
and 36% hafnium. 
p l a n e ,  and t h e s e  could only  be resolved i n  the  back r e f l e c t i o n  r eg ion  (333). 
X-ray f luorescence  i n d i c a t e d  a metal r a t i o  of 64% t an ta lum 
Only two d i f f r a c t i o n  peaks occurred f o r  each ( h k l )  
The i n d i c a t e d  composi t ions represented  by t h e s e  t w o  peaks  and based on 
an assumed r e g u l a r  monocarbide s to i ch iomet ry ,  i . e . ,  no t  d e f i c i e n t  i n  
carbon,  were 68% ta.ntalum carb ide  and 7376 t an ta lum carbide,  r e s p e c t i v e l y .  
Thus the  boule  grown i n  a p a r t i a l  hydrogen atmosphere i s  much more 
homogeneous than  t h e  boule  grown i n  argon.  The agreement between t h e  
ca rb ide  ra t ios  e s t ima ted  from X-ray d i f f r a c t i o n  and t h e  meta l  r a t io s  
e s t ima ted  from X-ray f luorescence  i s  reasonably  c l o s e .  The t w o  X-ray 
techniques  a r e  o n l y  quas i -quan t i t a t ive  a t  b e s t  and not  s u f f i c i e n t l y  
s e n s i t i v e  t o  be used t o  e s t ima te  the a c t u a l  carbon content  i n  t he  
mixed s o l i d - s o l u t i o n  ca rb ide .  
. d Y 
Mixed s o l i d - s o l u t i o n  carb ide  powders a r e  expected t o  be r ece ived  
from Wah Chang Corporat ion i n  t h e  very  nea r  f u t u r e ,  Compositions ordered  
a r e  80% t an ta lum carbide/20% hafnium ca rb ide  and 60% t an ta lum ca rb ide /  
40% hafnium c a r b i d e ,  i n  the  s i eve  f r a c t i o n  -200 +325 mesh. Experimental  
c r y s t a l  growth w i l l  commence us ing  t h e s e  powders when they  are r ece ived .  
Gaseous f r e o n  ( F  CC1 ) has been rece ived  and w i l l  be  t e s t e d  as an  
atmosphere f o r  t h e  growth of tantalum ca rb ide  boules .  
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